Age-dependent Müller glia neurogenic competence in the mouse retina.
The mechanisms limiting neuronal regeneration in mammals and their relationship with reactive gliosis are unknown. Müller glia (MG), common to all vertebrate retinas, readily regenerate neuron loss in some species, but normally not in mammals. However, experimental stimulation of limited mammalian retina regeneration has been reported. Here, we use a mouse retina organ culture approach to investigate the MG responses at different mouse ages. We found that MG undergo defined spatio-temporal changes upon stimulation. In EGF-stimulated juvenile postmitotic retinas, most MG upregulate cell-cycle regulators (Mcm6, Pcna, Ki67, Ccnd1) within 48 h ex vivo; some also express the neurogenic factors Ascl1, Pax6, and Vsx2; up to 60% re-enter the cell cycle, some of which delaminate to divide mostly apically; and the majority cease to proliferate after stimulation. A subpopulation of MG progeny starts to express transcription factors (Ptf1a, Nr4a2) and neuronal (Calb1, Calb2, Rbfox3), but not glial, markers, indicating neurogenesis. BrdU-tracking, genetic lineage-tracing, and transgenic-reporter experiments suggest that MG reprogram to a neurogenic stage and proliferate; and that some MG progeny differentiate into neuronal-like cells, most likely amacrines, no photoreceptors; most others remain in a de-differentiated state. The mouse MG regeneration potential becomes restricted, dependent on the age of the animal, as observed by limited activation of the cell cycle and neurogenic factors. The stage-dependent analysis of mouse MG revealed similarities and differences when compared with MG-derived regeneration in fish and chicks. Therefore, the mouse retina ex vivo approach is a potential assay for understanding and overcoming the limitations of mammalian MG-derived neuronal regeneration. Postmitotic MG in mouse retina ex vivo can be stimulated to proliferate, express neurogenic factors, and generate progeny expressing neuronal or glial markers. This potential regenerative competence becomes limited with increasing mouse age.